Abstract. The Glasgow Prognostic Score (GPS), neutrophil/lymphocyte ratio (NLR) and prognostic nutritional index (PNI) are prognostic parameters for malignancies. Additionally, serum squamous cell carcinoma antigen (SCC-Ag) and cytokeratin 19 fragments (CYFRA 21-1) are tumor markers for squamous cell carcinoma. In the present study, the prognostic importance of these markers in patients with resectable thoracic esophageal cancer was investigated. In this retrospective study, 84 enrolled patients diagnosed with resectable clinical stage I-III thoracic esophageal squamous cell carcinomas (ESCCs) underwent thoracic esophageal resection and three-field lymph node dissection at Tottori University Hospital between January 2007 and December 2013. The correlations among preoperative patient markers (GPS, NLR, PNI, SCC-Ag and CYFRA 21-1) and the occurrence of postoperative complications and patient survival were analyzed. The operative mortality was 2.4%, and morbidity was 42.9%. Strong correlations between occurrence of postoperative complications and open thoracotomy (P=0.083) and high-serum CYFRA 21-1 (P=0.007) were observed. In 15 patients with high-serum CYFRA 21-1, postoperative complications were detected in 11 of them (73.3%); on the other hand, complications occurred in 25 of 69 (36.2%) with low-serum CYFRA 21-1. The 5-year disease-free survival rate and 5-year overall survival rate of all the patients were 52.2 and 50.8%, respectively. Among the prognostic parameters, preoperative high NLR was determined to be a poor prognostic factor, independent of the tumor stage in the multivariate analysis. These results may indicate that, in patients with preoperative high-serum CYFRA 21-1, more attention should be paid to the occurrence of postoperative complications. Therefore, in such cases, anastomosis between blood vessels of the substitute esophagus and cervical vessels would be recommended. Furthermore, in patients with high preoperative NLR, effective adjuvant chemoradiotherapy should be considered to prolong the patients' survival, even of stage I or II patients.
Introduction
The prognosis of patients with squamous cell carcinomas that occur in the thoracic esophagus remains poor. Even following curative resection, numerous patients die due to tumor recurrence. Lymph nodes metastases to the neck, chest, and abdomen have been detected frequently in resected specimens from patients with thoracic esophageal squamous cell carcinoma (ESCC) (1) . Thus, subtotal esophagectomy plus three-field lymph node dissection (cervical, thoracic and abdominal) has been introduced as an effective therapeutic strategy for the treatment of localized thoracic ESCC in Japan (2, 3) . However, due to high morbidity and mortality rates following thoracotomy and laparotomy for patients with thoracic ESCCs, the use of surgery to treat this condition has been limited (4, 5) . A number of institutes have excluded patients with T4 cancer (invasion to the adjacent organs), with distant metastasis (to the lung, liver, bone, or extended lymph nodes), with poor Eastern Cooperative Oncology Group Performance Status (ECOG-PS), with severe organ dysfunction, including the cardiopulmonary system, liver, and kidney, or with an advanced age (>75 years old) from surgical treatments (5, 6) . Therefore, to set in place the best treatment program for patients with operable thoracic ESCC, it is very important to evaluate factors that indicate the occurrence of postoperative complications and prognosis of patients with thoracic ESCC preoperatively.
Evaluation of prognostic markers for patients with curatively
resected thoracic esophageal squamous cell carcinomas With the exception of a subjective evaluation of ECOG-PS, patients have been evaluated objectively through the Glasgow Prognostic Score (GPS), calculated by the combination of C-reactive protein (CRP) and albumin (ALB), the neutrophil/lymphocyte ratio (NLR) and the prognostic nutritional index (PNI), which have been reported to be important prognostic markers in cancer patients (7) (8) (9) (10) (11) (12) (13) (14) (15) . These markers represent the patients' chronic systemic inflammation, immune status and nutritional condition. Furthermore, serum squamous cell carcinoma antigen (SCC-Ag) and cytokeratin 19 fragments (CYFRA 21-1) have been reported as good markers of ESCC progression (16) (17) (18) .
Thus, in the present study, the objective preoperative markers, GPS, NLR, PNI, serum SCC-Ag and CYFRA 21-1, were retrospectively analyzed in patients with operable thoracic ESCCs, and an evaluation was made as to whether these factors are good markers of complications and prognosis in these patients.
Materials and methods

Patients.
A total of 84 patients with clinical stage I-III thoracic ESCCs underwent thoracic esophagectomy plus three-field lymph node dissection (cervical, thoracic and abdominal) at Tottori University Hospital during January 2007 and December 2013. The clinical tumor stages were routinely diagnosed by esophagogastroscopy, computed tomography (CT) scanning, an endoscopic ultrasound and positron emission topography. Clinical examination, pulmonary function tests, electrocardiography, echocardiography and exercise tolerance testing were used to assess the validity of the surgical procedures for the patients. These 84 patients with potentially resectable thoracic ESCCs were deemed to be physiologically fit for surgery.
The average age of the patients was 65.7 years old (range: 49-78 years). A total of 73 patients were males, and 11 were females. Informed consent was obtained from all the patients prior to treatment. All investigations reported in the present study were conducted in conformity with the recommendations of the Declaration of Helsinki. All patients were followed up at Tottori University Hospital until September 2015. The median follow-up period was 35.5 months (range, 1-102 months).
Operation. Traditional right antero-lateral thoracotomy with laparotomy (open method) was routinely performed in our institute at Tottori University Hospital between January 2007 and August 2009. Thoracoscopic thoracic esophagectomy in the prone position was introduced in September 2009 (the thoracoscopic method). However, the use of right anterolateral thoracotomy was indicated for those cases with strong adhesion between the lungs and the pleura. The open method was performed on 33 patients, and the thoracoscopic method was performed on 51. To diagnose the safety of resected proximal margin of the esophagus, intraoperative histological analysis of the frozen section of the proximal margin was routinely performed. The stomach was used as the substitute esophagus in 74 patients, but in 10 patients with double cancers (esophageal and gastric cancer) or for gastrectomized cases, the jejunum was elongated to cervical esophagus or pharynx via an ante-sternum root.
Chemotherapy. S-1 adjuvant chemotherapy has been introduced at Tottori University Hospital for patients with stage II or III ESCCs. According to the results from the Japan Clinical Oncology Group (JCOG) studies 9204 and 9907 (19, 20) , since 2010, neoadjuvant chemotherapy (NAC) with cisplatin plus 5-fluorouracil (5-FU) has been offered to patients who have been diagnosed as clinical stages II and III in our institute. Therefore, chemotherapy was performed for 45 patients (adjuvant, 7; NAC, 27; and both, 11).
Blood samples. Blood samples were obtained from each patient routinely prior to chemotherapy or surgery. Serum levels of ALB, CRP, the total lymphocyte count, serum SCC-Ag and CYFRA 21-1 were recorded. Patients with normal CRP (<1.0 mg/dl) and ALB (≥3.5 g/dl) levels had a GPS of 0, and were classified as the low GPS group. Patients with either one abnormal factor (GPS=1), or both abnormal factors (GPS=2) were classified as the high GPS group. An NLR ≥3 was considered as abnormal (21) . The PNI [PNI=10 x serum ALB concentration (g/dl)+0.005 x lymphocyte count (number/mm 3 ) in peripheral blood] cut-off value was determined to be 50 (22) . According to the manufacturer's protocols, the normal upper limit was 1.5 µg/l for SCC-Ag and 3.3 ng/ml for CYFRA 21-1 (16) (17) (18) . Patients were divided into low and high subsets according to the normal upper limit of the prognostic factors. Patients' prognostic factors were obtained prior to treatment (surgery or chemotherapy).
Pathological analysis. According to the International Union Against Cancer (UICC) tumor-lymph node-metastasis (TNM) classification for esophageal cancer (23), 29 patients were graded with stage I, 22 with stage II, and 33 with stage III cancer. An R0 resection, defined as complete tumor excision, was performed for all patients.
Statistical analysis. The Mann-Whitney U test, Chi-squared test and Fisher's exact probability test were used to compare the clinicopathological characteristics of the two groups. Spearman's rank correlation coefficient was used to assess the correlation between the two numerical parameters. A strong correlation between the parameters and occurrence of postoperative complications was estimated using the logistic-regression analysis. Long-term survival was calculated using the Kaplan-Meier method, and the prognostic difference between the two groups was compared using the log-rank test. Multivariate Cox regression analysis was used for all parameters that were found to be significant using univariate analysis. P<0.05 was considered to indicate a statistically significant difference.
Results
The clinical characteristics of the 84 patients are shown in Table I . Surgical complications were detected in 36 patients (morbidity was 42.9%). Two patients died due to surgical complications, and the mortality was 2.4%. Anastomotic leakage was detected in 25 patients, pneumonia in four, chylothorax in four, and necrosis of the substituted esophagus was observed in three.
A total of 77 patients were GPS=0, six were GPS=1 and one was GPS=2. Therefore, high GPS was detected in seven of the patients and the remaining 77 were characterized as low GPS. The mean NLR was 2.3 (median 2.3, range: 0.6-5.8). Twenty-six patients were classified in the high NLR group (NLR ≥3), and 58 were in the low NLR group. The mean PNI was 51.2 (median 50.6, range: 36.4-72.2). Fifty patients were classified in the high PNI group (PNI ≥50), and 34 were in the low PNI group. The mean SCC-Ag was 1.6 µg/l (median 1.2, range: 0.3-9.1). Thirty-two patients were classified in the high SCC-Ag group (SCC-Ag ≥1.5 µg/l), and 52 were in the low SCC-Ag group. The mean CYFRA 21-1 was 2.3 ng/ml (median 1.2, range: 0.3-9.1). Fifteen patients were classified in the high CYFRA 21-1 group (CYFRA 21-1 ≥3.3 ng/ml) and 69 in the low CYFRA 21-1 group. Thirteen factors that were thought to correlate with the occurrence of postoperative complications were analyzed using the logistic regression test (Table II) . The median values of patient age, operation time, intraoperative blood loss and number of dissected lymph nodes were used as cut-offs. Strong correlations between the occurrence of postoperative complications and open thoracotomy (P=0.083) and high-serum CYFRA 21-1 (P=0.007) were observed. In 15 patients with high-serum CYFRA 21-1, postoperative complications were detected in 11 (73.3%); on the other hand, in 69 patients with low-serum CYFRA 21-1, postsurgical complications were detected in 25 (36.2%). A positive correlation was detected between SCC-Ag and CYFRA 21-1 (P=0.359, P=0.001), and a strong negative correlation was detected between NLR and PNI (P=-0.449, P<0.001).
The 5-year disease-free survival (DFS) rate and 5-year overall survival (OS) rate of all patients were 52.2 and 50.8%, respectively. The long-term outcomes were compared between the two groups (Table III) . Postoperative complications did not affect DFS or OS. Furthermore, the SCC-Ag and CYFRA 21-1 values did not correlate with survival. NLR and PNI were recognized as strong prognostic factors from the univariate analysis. Table IV shows the multivariate survival analysis of the factors that were detected as significant in DFS using univariate analysis ( Table III) . Among the prognostic factors, high NLR was identified as a poor prognostic factor independent of the tumor stage.
Discussion
Esophagectomy plus three-field lymph node dissection has been the standard surgical regimen for the treatment of thoracic ESCCs. However, high morbidity or mortality and poor prognosis of patients should be considered prior to opting for surgical treatment. In the present study, postoperative morbidity and mortality were 42.9 and 2.4%, respectively. In these cases of high morbidity, it was determined that the preoperative high-serum CYFRA 21-1 was a clear indicator of the occurrence of postoperative complications. CYFRA 21-1 is a cytoskeleton marker with a low-molecular weight (40 kDa), and is one of the serum tumor markers of squamous cell carcinomas (16) (17) (18) . Recently, Vercauteren et al (24) reported that increased levels of serum CYFRA 21-1 were correlated with pulmonary fibrosis. Thus, a high-serum CYFRA 21-1 level may correlate with tissue disorder at the anastomotic site, such as non-development of micro-vascularization. A detailed study is expected to be performed regarding the biological significance of serum CYFRA 21-1. In patients with high-serum CYFRA 21-1, supercharged microvascular anastomoses between the cervical neck and the substitute esophagus should be considered to avoid the occurrence of anastomotic leakage. Tumor stage III, high NLR and low PNI were identified to be poor DFS and OS factors in patients with operable thoracic ESCCs. These findings have been reported previously (25) (26) (27) . Specifically, it our study has revealed, via the multivariable analysis of our present cohort, that NLR was an important prognostic marker in patients with thoracic ESCCs independent of the tumor stage. Han et al (28) identified that high pretreatment NLRs were significantly associated with high levels of neutrophil infiltration and low CD3 + T-cell infiltration into glioblastomas, and a strong correlation with shorter survival times in patients with glioblastoma. Neutrophil infiltration into various tumors serves an important role in stimulating tumor growth, angiogenesis and metastasis (29, 30) . In addition, neutrophils may suppress immune function by inhibiting the cytotoxic activity of CD8 + T-cells and natural killer cells by enhancing the suppressive activities of CD4 + suppressor T cells in the infiltrating tissues. These findings may indicate that the pretreatment NLR measured in peripheral blood samples from patients will be a useful marker of local host immunity.
This study had a number of limitations. First, the number of patients with resectable thoracic ESCCs in our series was small. Secondly, our study was a retrospective analysis, and there is a possibility that the results from our study may have bias. However, our results do indicate that, in patients with preoperative high-serum CYFRA 21-1, more attention will need to be paid to the occurrence of postoperative complications. Therefore, in such cases, anastomosis between blood vessels of the substitute esophagus and cervical vessels should be recommended. Additionally, our results may indicate that, in patients with high preoperative NLR, effective adjuvant chemoradiotherapy should be considered to prolong the patients' survival, even of stage I or II patients.
